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Power Commission at Magara Falls, onta . we nave been sbis ae determine the | 
proportion of the wages expenditure when mas ane ve the Lnorease da the rate 
of ages of the various classes of workmen fron ay Lets 19175, to Deaenber Slet, 


1921, as compared with the 1917 rates. this arount has been found to be | 
§6,945,205.37, and ite distritation ts clearly shown in the tare on page | 
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HB in relation to the total wages paid. It | PA ¥ /| Ji oN \J 


The diagram on page W=5 hereof chews, ig, rate aw mages | for various classes 
of labour paid by the Hydro-Blee tric Power omni sion on the ueenston-Chi prawa | 
Power Development. Por the saice ‘of clearness this, ategran is on two separate 
maser, the second of a0 a dtetingat ened by the gabecript letter “a. 
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“Ae further i ae 
with as page M6 shows the rate of wages for various classes of labour aS ie 
by the Department of Railways and Cansls, Camda, on the Welland ship Canal. 

Pare Me? gives a set of curves of wage ates indicating prices based on 


the. records of the Department: of Labour of anna. ; | Ne ) 


An important factor in the amount of te whges expendi ture is that of the 
inefficiency of labour. In this regard the records of the Cost Department ow CO 
the fyare~Elestric peas Semdcolan ere very complete. he information on thie ) 
eubject in the technical press of America 1s voluminous, and it has been Gis- | ) 
Gugsed widely even iu the daily papers. ‘The igdrowileetrio P Power. Somnt nation. 

records are 80 complete in this regard that the amount. can be. deternined with... 
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close attention of s minber of competent ten for at least a year. We heave, 
therefore, been compelled to deduces regult by shorter methods, and having 

done this we arrive at ‘tie ‘estimated ancunt of wages paid as e remit of im 

at impared with 1917 ac $4,425,142,96, the aurve represent~. 

it Has alse boon plotted on thé diagram om page %-3, already re~ 

: ferred to} {n'a tntiner 00H sponding 


¢ to the curve showing the ‘total wares paid 
and sgceae amount thereof due to the increase of sal “phbedy™ «dy jak weeds 
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efficiency denotes the amount 
the totel ot $19,896, hae paid up me pengesrapie Slet, 1921. 
Subsequent ‘to thie ‘date there ta no @oubt that the errieleney of labour 
tnoressed materially, ahd the amount patd in wages’ would eppreach more nearly 
mal, partlesty & as the wage rates then pald were declining. 
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The smount of ne Foe wages, $2,090,219.20, represents the enount of wages 
comparable with the 1917 estimates, | or ia other words the amount whieh would 
have been paid to the men who wery actually employed had the wage rate and the 
efficiency remained the samo . in 1917, ‘his smount is ‘for the work as con- 
etrueted. In order to make it comparable with the estimates it is necessary 
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$0. make a deduotion, seeing that the work as construsted is aroator ‘than: that | 

| estimated upon. Considering the addi tional quantities invelved in the oom | 

pleted sats this increase is about $10,900 ,000.00, amd if a direct proportion 
be taken it will be seen that what might be Galled the norma) wages ‘Sxpenditire 

«for the estimated work wit be on the order of $6,100,000.00. 

Ty yn our studies it jas bean necessary to make a great mamber of caleulsa- 

| teiie and curves, the inolusion of which wouhd entail mich study and would 


not help in the clearness f this discussion. it poems worth while, however, 


to, {nelude certain of the docunents aB the information they oonteain is of 
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interest and value. 


: | Brom the records of the Rydro-Zlectric Power Commission there hag been 
deduced the labour cost per cubic yard of earth excavation and of rock excs- 
| vation in the cansl, exclusive of all other items in the cost of excavating, 
and these inhour costs have been plotted on the diagram ingluded herewith as 
M-10 From the ourves on thie diagram it will be seen that the labour cost for 
pe exdavation aban commenced early in 1917 remained practically constant 
| for a year at 26 centea per cubic yard, rising fairly steadily until in September, 
| atthe it had reached about 70 cents per cubic yard. 

Tie & somewhat similar way the Lahoud soet of the rook excavation which 
ee commenced early in 1918 remained constant for about a year at 72 cents per 
ante | yard, rising more sharply han in the ease of the earth excavation until 
at reached about sss in September, 1921. 


tat nad? «osserg af betawiqane ea aor ed? tae ston aati se 


| a9 ad nl Sorlowml alt inesy Lanokd tbbs odt gatteh teed ca 


orsqoqord Terk, & 2 bus .09,000,008,019 sande ef exactont etd? .teor botete 


ext ibuedxe oonoy iaavom edt betivn ed, sigin dade stadt sees og Litw tf aevied od 
+0+000,004,%, to sebro off so 9d Liv skew bodenttae edt, x92 

asiuoing. 20 Todmamn to0tg 6, oxen, of yranaeonn seed aad t) sethwta suo al 
bivow Las ybute dopm, tletao bison okie to soleulont ed? .ROCLHO bet pi 
rwrewot ,olhde déxow emsou #1 .soleswoelb oid? Yo paninioe i eit at qled tom 
Yo ei atetdace qed? soltearotst at? sa etueaoob watt 20, ciatiee eb at of, 


sad esi, ered), selvolenod xesot olctgoli-oxhya ea? to abxooes orld sont 
come sows Yo has. sotfarnogs strap Yo fray olds oq te00 iwedat od} Doone 
vgatiavacue Yo, deo od? a) emt vedio Lf to sytasioxe ,Jenae ed? al soliay 


ae dtiwored bebuleat mavgeth ect ao bottolg meed evad ateoo twodal oredt bas ” 


<0% tyoo twodal edt tadt sooo of ity +1 margatd ald? mo sevens ac? moe’ «Olt is 
had; 


TRA OED Vilsaltoere bontawst VOL wk ylxes hennemmee doidv wabtowine rene 
vtedmeteeR ak Livan ylibsede qiriat guts bt bray oldve vey etnes 8S 38 tangy @ TOX 
huey ohdue seq einen CT trodi Dedoaet ‘pad #2). ceGL 

"ote notgavenee toot af? to dean nbodat off yw valkmie tadwonde 6 al 
"te etaes at da 7H9% a teada cot tmatendte hemtenet arer m2 ¢lea9 byenocmas 
ito noléeracxe soune edt %o wane ed? si cadd ylquada vom gilats yhoo atdse 
"reer Lupe ‘mE $8.28 tooda bedooen #8 


(M-10) 


SUZSNIONA ONILINSNOD 
ANVdWO’) °8 SIDNVY  YaLIVAK 


woiphg peyreyy ‘ap Aq epeW “¢261°4IZZ Ane ‘oyuo4oy 
NOLLVAVDXd Y90¥ ONY NOLIWAVDX4 H Lav 
LINN Wid 1S09 yNnogv I 


LININdOTIAIG YAMOd VMVddIlH’)-NOLSN33NQ) 
NVWUIVH) ‘AXO93ND GM 
NOISSINWO> AYINON] D1YL939719-OYGAY 


0 
a Je 
pene PL Ey 


oe: 
Ov: 
OS 


| 


9 
er 
ei 
is 
|_| 
i 
a 
ae | 
pe 
Bed 
Ee 
ee 
Ga 
at 
(race el ee 
‘2 eee 


09: 
OL: 
oe: 


ami! 


Ze Sa 
El ae Eee 
bs eA 


ee emia ya Ne 
ee Nee Sie rie 
ye ee eal 


O81 


suvTod ae 
NI nm > 
QUVA END sd a 


_ Se a 
eae el a a 
ei] it ad a 


CjC|= CjO|Z|O Cicj= Nic jOo/|Z\/O C|c|z 1C/O|Z\O e|C |Z} 
Cc Mola Cc MipiImo\a c\¢ m m a 


wife] _il2er——«| Set Cd] SST CY fess 


> |\cCjc|= nN Cj1O oO 
m Q 


QUvA WAND 


00:1 
Ol +l 
02:1 
ofl 
ov: 
Os 
09: 
OL 
0s! 
OG, 


suv1i00 


$ 

| 

| 
Ar A - 


ENT | 
AY 


SS 
3 
. 
= 


Spi 
Peal 
B 
~~ 
ked 


¥ 


$ 
e AX 
A 


. 198 va ade ny 
JF 


St 4ogF 
wie 


vw Comus Se lH 
ar 
- 
Dey 
Made bu #4. Che 


. 
Be ft $ ¥ 
Doe 
At 
¥ 


nth atsrorentiate yetwoon the effect of the efficiency « or tnototoney of - e- 
iar oath oftot of the aftiotenoy oF inefficiency of plants, vw hae 
found. that L. 1919) there, appeared to. be a ‘condi nation of labour and non 


l ‘a4 Oo 


i) 
E 


parte laetl ch 


Te 


30 | 


of ‘work. he. Ancluston, however, of other work, and the nepossity of arriving 
at 4 Poot gatexly venders at Ampossi bie ee ere a proaise statement in this 


| 
“nar | . 
feeart se to time ent rates 
mee ew | ; SLES v4 mas Wf 
i adv J [. 


ae hee oo / 
- | b. at }- - 


“on age 218 wt be aches shoving ithe munber of men employed on 


i) } 


thes ‘Work im point of time, the curve has beon mlotted by taking the maxim 
eran er men engaged on any _ aay daring each nonth the work wae in. Bros 


ae 


po | AVA 
we this eurve may be semi in a general ways bat it proved to be of =. 


Pre 


Litthe == in analysing the wages expendi ture on account of the variamed 
/ [wvr L 4 


tn tine worced Wy gach mens Wo therefore had to resort to the use of the 
*mpncbour* watts an » expresetion denoting one hour of labour pone vy one man, 


} : 


“wT / 


11 ‘ony v | “ty 2 
) . & 
Be = shown on ‘page U-13 indicate the total man-hours of Labour 5 


ar) |. 


Anta the work from the first of. Jamary, 191%, until the fivet of 
ia 19256 On ‘the sane page is plotted the total of the fortnightly pay- 


‘ony | 


a! 
iis: ‘for the game porto, 


: 
£ 
FD IEA EAEET AN ROR IP E Sb HII RELL LIS A IRE DRA DE BEATA SNE Pe a 
© 4 
oC) 
v bad ‘ 


. 
on the | ‘eanal, work whieh. remitted in the Lowest gonstruction ovete ‘per unit bias, 


RE 0 PL OEP AEE at IO I 


CARRE NTR! Oe 


_ ~~ ee] arte | 
paiet*): 7 Laat. | 


{ 1L<m) eon amsllA .& oi ome y902 


,atisees saeds [ie oxglace be otensges of siwelttib sadwaxos avod sed #1 
o Eecgiotiert xo ynmateltie eit to sockte edd seowted etatsuersttih of bas 
eved ey tanig Yo youelelVrert to yomeleitie od? to sootte odd Sus twodel 
qteciringe bas twodel to cettasldeoo s of of Setasqgs ood? @LUL a) sadt Savor 
ius te¢ stene motfowssenes tuewel edt at Setiuest doidw axew Lanse od? mo 
getviera to ydleacosa oc’ baa , drow sede to -tovewod ,telgeiont eff .xtor to 
eid? xt Jucwe¢ate oolnoxq @ over of eft iveoqul £2 exobnet yololep tiuset #8 ts 
| ete bra omle of oa Siaget 


-haxolerd. gol oe sede 
Bom, au 

‘ETN S12 SI 
nimeluan ot? yatsat qo hodsole med ead ovis ott eal? to dale al srow ed? 
oow st ome sow od¢ dimen deme gnivab yab ono yuu co hegepte sem to tedmm 

uo of of Bovorg 32 tad ygew Leteneg « at ivteow od yam eves eld? § .eseTy 
aottelvoy ed¢ Yo tascoen ao ewwilbaeqes sogev od? guleylana a1 enlav ofad ll 
agt to eeu edd of dvoeet of had erotexedd oW can dese yt Sodtxow omkt at 

tam ene YW bewretvey euedal te xwed ome guivomeh solesenque aa ,tiaw “swod—naa® 


epee nee Lat of 


anodei %o erwodttisn Latet sid etuolbat Bi-K eyoy mo swods aevrwe oft 
49 serit of Ifvas .CL2L yetamwt to fetlt ed? mort drow odd otal gutvetae 
yaq qitdyietaot edt to lated od? Bettolg of ogaq omen od? mO .ESCL . yeas 


ebolveq ewan edt tot allot 


SUZSNIDNQ ONILINSNOD 
ANVdNO) 8 SIINVYI fT dalLivK 


yong, pa4224D eeye-fq epew “¢26I ‘4IZ2AINf‘oWO40L 
("Vad Allvd) 
GJA01dWI NIW JO YIGWNN 


LN3WdOTIAA(] YIMOd VMVddlH)-NOLSN3IN| 
NVWUIVH) ‘AXYOD3ND dM 
NOISSINNOD AXINON] D1YLD3719-OYGAH] 


= 


‘yyuow Asana Suiunp awl, auo ze paSedua uawi jo 
gaquinu wnwixew ayy Sure; Aq payjojd ueaqsey @Asnd ay) 


LI Mr 

ALLE 
A 
LIM 


000‘002 
000‘00¢ 
000‘00+ 
000‘00& 
000009 
000'002 
000'008 


000006 


ANVdWO 


000'00! fx 


SUSSANIONG ONILINSNOD 
) 2 SIDNVYY fT Yal1VM 


‘yp fia p24224> WeHNg epew ‘ezel ‘UIZTZ Ajnp “OPUOUOL 
“SUNOH-NVW TVLOL 
1104 AVd IWLOL 


LNINdO13A3Q YAMOd WMWddlH)-NOLSN33N{) 


NVWUIVHD ‘AUOD8ED'd'M 


NOISSINWO AYINON] DINL5979-Oa8GAH 


STIOY AVd AILHSOINLAOL ONIGNOdSawNO) SHI YO4 SUNOY-NVFW WLOL 


SUVTIOG NI STIOY Avg ATLHDINLYO] JHL JO LNNOWY TWLOL 


00006 


00000! 


00001 


Oo 


000002 


000‘0S2 


| 


000‘00¢ 


oo0o'0s¢ 


000'00r 


! 


0000s 


000'00¢ 


000'0SS 


000'009 


000‘0S9 


22S es oe = 
lhe Sse 
ee Se 


000002 


het 
BaSae 


| 
nil 
MVATOLAOTERE? 
-NVWNI G Pl\c|clz fe 
wie slRUS}a ale eIS(E BIE RBIE 


mol zzt[ ze 0Z6l La ies, | 


000‘0sz 


‘ | rr 
i 
TUL 
i 
| en 
SMM ease stes 


: jaieee Banneeen 
o|z|9o P|\cic|z|> C|9|Z/O p|c|c|z|> C\lo|z/ oO 
c|c|S|s| 0 >\m Sere 0 A 


000‘008 


000‘0s8 


| 
i i 


a i rarer hae 
a|c|z|> 

cic 
BBEEEE 


i 
ClI9O/Z!O c|/c|z 
>\m ele 
Slaislaigiz clsle 


TOY AVd 
HOINLYO, 
40 IVLOL 


SS ee ee ee ee ee Ra mer See Tard arn ne ee a ee ee 
- » - . « * ’ ¥ 
es 
Var", 


ale sete tee eee ee ere 


ee ns a re ee RE: 9 aE ee rr 
LT i AEE RN ery Se eenn ee ee me em 


(era 


| rs ‘ae: average rate pata per pares on the vor de show in the dingren « 
(come mas. It whii-be ‘goon that. this average rate varies from shout 36 
"| oemts per hour to about 64 conts per hour, which muxtmim obtsined in July, 
4 “1920; mt irregularly therefrom ‘tor “about a youre This curve, indicating ‘the | 
5 venice ‘rate ‘per man-hour, was was obtained by. ‘Mividing the total uumber of ma— 


boars. in evah fortnight: into ‘the amount of the: ‘corresponding pay-rolle for 


“the sake oe convenience, the smount of each of the ‘¢ortnightly pay-rolls 1s 


i 4 
ay J { 


| phataate on the sone ‘diagrams the m average 1 rate Pet man-hour was of consider~ 
Le vad 4. pends “pon the relative propor- 


LA Lae a pera ' the aiedies “oF the sost of the vorr, tne Goat ‘apartment at 


7 | ie Pc aains Power Jormiesion has made a complete statement showing all 

“the Fortnightly Periods from Tonuary let, 191%, to December Sist, 1921, to~ 
“gether seteh the eorresponding Pay-roll, the total Payment for the Konth, the 
_Averane Datly voree “end: the: Average Hontnay saraines per, Men, The feliewing 
ips a \ transeription of this informations | 


ERA 5 <e 
~~ * y ty hk wy ; / 
aN NOLEN UO An ma eS 


eae Pee 


: Eee Mi ‘ vin 4 , ‘ Aw we m. ‘ ‘o wot roe t 

peeks we OP At ved Ok Rene Od? em Wad-com voy Ring SOUR SRE ND ee ei 

a : ae | A Pe We ‘ 
ae eee neliavy etex egatove cidé tod? moee od Litw a1 81-8 opeg m0 


mesa re ~ ES 
eink a2 veatatie sumdxam dette yavod tog e2noe $8 Senda of xuod 0g atmOD e 


‘4 ade galzubitett ever 6148 scan 2 tvods ot wowtoxedt yinalimornd ia <O80L 
; satiaccheealenala siransainalamemmetanananrtas te 635% 5300 
Sok eliet~yaq gutisogrerten od Yo suwoms edt ote! suladwt dose at s 

at ailor~qoq yldetgiadrot ed? to dose Yo sin ot scoala 
~weittwwe to caw tmed-nae req efen egeteve ect? cmexgalb ent ods mw bettoty 


“Tego evitelet add aoga sabi 6 g Tyee “ume mt euler olds 


ee wh tf six iualmaeila air aiid ae eaignaanemuasladadnieat ewortsy edd 30 woks 


4 — hays 


eViqua oF feapici 4 


oe ~ - 


one, oes = ao rye 
s ‘ ei * ? 
Aes taal ee, ek 


a 


ia to tmmtteqel food eit row edt Yo face ent Yo wetbute ode yotmerey al 
ile gtiwodles iowmeteate edelgmme o obo esd mofaeteem) rewo'l otrinelk~oxiyl a 

i 
“Ot , IROL ,2eL8 todmened o@ »T£8E , tek qraones mort ehotrol eiditg tad ot 


| ald ,t@OM ost TO% txonyBT Ladod ont ,LLox-yat gulhaoqaotxoo edt diw reddeg 
eS 
| tac aet =. Leg agmtirrad VUAInoh egetevs odd, das vpxot Wiel wanteva 


ie he 
sntolsewrwke! aad to noltyimesesd a ab x ry 


aT ee 
y A 
4 
7 t i ly 
é ” w 
vik 6 ane 
cae ase 


A * 4 j ’ 
’ ; \ h a P 
1 ; ode 
| i F } ts) 
‘er pte Ree ee eee en oe eee ‘og + ty hl anal ai lie dale een ae Une le vit Len Pee e eye Pere 


SYZSNIONG ONILINSNOD 
ANVWO’) 8 SIDNVY4 f YalTVM 


= Woiiq peyreys ay Aq epeyw “C261 ‘U3Z2 Ainp‘oquosoy 
UNOH-NVW ddd JLVd JOVaSAV GNV 
1104 AVd TVLOL 


LNANdOTIAIG YAMOd WMVddIH)-NOLSN3INY 
NVWUIVHD) “AYOORED'G'M 
NOISSINWOD AXINON] DIYLDI719-ONGAY 


oO 


‘yo fied suipuodsatios 
94} JO JUNOWE oY} Ojul SANOY-UBW JO JBQUINU |2}0} ay} SUIpIAIp Ag 
pauleygo si snoj-uep| Jad azey adesany paysew eruno ay) 


‘930K 


Saeeessso= 
=eeEs 
SSE sesesSe 


tt 
AC to Bae] sera) | il COPE " 


| C BBM LAIN 
UY Gad efEle 
"6 ii 
CIO!IZIoO pic|clz Clol|lz |e Clo ro) Ccicjz C19 ° C|C|zlp 
m c = > ec > a cici> dim ra) l= 


Pemaicoloenuie Océ ~ [ eit I I 


Hit 
i 
eae 


f fi 

cc a 
Flals|misls Ee] S| 10y ava 
Ee) ZIANI<|4 | Z| <].H9In03 


40 WLOL 


| AON [= 


Wa ter J. Francis & ComPANy. 
Mr Je Allan Ross. 


- Copy FOR ENCLOSURE TO 


. “Wotas | 
’ for 


oo po 


(M16) 


August 1-15 | 


49 985.80 
r 19,880.09 
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Amount - otal . _kverage Average Monthly 
491s of ‘for Dail  Barnings 
16-30 40,429.69 82,837.07 788 109.28 
daly .. Jn15 40 , 702.00 
r 16-31 | 47,494.57 * 86,196.57 oy FBL 117.44 
August 1-15 55,605.66 | 
Soro | Pe Sai ee SR yPSGeBOn oo 1199427418 Le 2:66 n> 137.43 
September 1-15 62,154.64 Chie Wee Gs | 
1 69,006.27 « — 112,259.91, ce ay 4 121.73 
Osteber 1-18 55,830.72 Lia FAG a Korie ¥ 
cet 56,200618 112,080.67 B32 - 284,65 
November 1-15 47,863.52 
55,579.25 103,462.75 617 126.63 
December 1-15 58,087.14 _ As bait RES 
: 1 61,971.02 . 120,088.16 89 | 121.059 
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142,725.44 
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Kovenber 1-16 Leo ibaa? °%8 wert 
16-30 1895209441 $19,870.79 2,088 165.80 


Deoenber..2WLB.- 1709394097 me _ 
, 6-21 140,816.96 $11,211.53 2,078” “Yeo.as | 


Sere of labour ~ 10 hotre a day with single time ile -everstsili 
Sundayé and holidays to the end of April. 
Commencing in May - 8 houre a (with double 
en ee Sundays and holidays; time and a half 

: Mee (20, hours pos Brew a regular |. 


wai rea 


16-8 —'(i«90,878,9B «565,746.65 2, 887 144.16 
aprin""a-18 163,741.26 | ae 2 
Pe et met pt tT a Pe aT : 

a 16-S1 «124,887.91 282,490.79 «2, B08 112.77 
pe eT met tr 8 Che | Her aca | 

 -16-80°' «44,466.82 = 160, 781,551 1,266 127.00 
galy 1B B, 424,00 | a mn 

16-31 183,552.06 258,976.06 1,841 140.67 
August 1-16 «185,987.08 eve Lie jot wy 
September 1-15 201, 569.01 Rome ere we | 

16=%0 247,681.15 443,250.16 3,012 149.15 
Ostober-- 1-15 286,009.99 ~~ vs 

16-31 271,080.29 527,090.58 5,561 148.028 
Hovember 1-15 — 292,768.59... ») ‘ | 

16-30 “ «330,074.19 ~~ 622,862,568 4,088 152.36 
December 1-15 385,910.43 

oe "16-51 «B7B 287.08 761,097 44 5,402 140,69 


Terms of labour «- & hours « day with double time for Sundays 
and holidays. Time and a half for overtime 
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% Tah asst to June 15th. 10 hours 
end 6. net for Sundays, 


1g21 of rommmecpypeas: — Dally Earnings 


June 115 — 766 "394.24. alee Be) aes "iad aU 
L8U7 gee mablO geay FRB B0G 8) - ayese an e4s (86666, ... 176065 
galy..- ‘1-38 738,115.50 _ eon es A 
Hem te Soe 4 16-31 \ ee ABT 4468414... * ia be bt 7,165 171,05 
August 1<15 “$12,088.64 

16-31 271,955.46 583,992.50 3,793 183.96 
September 1-15 227 ,387 50 

16-30 240,099.78 467,437.28 3,544 169.79 
October 1-16 

16-32 
Wovenber 1-15 

16-30 


199,787.75 430,302.62 2,749 156.53 


491,887.06 3,496 140.70 
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tems of labour - - 10 hours | a day with time and a half for 
te ote te oo» » Sumdays, holidays end overtine. 


“from the above tables the earnings of the men year by year were derived, 
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It See Chapter A AAA of : 
Quantities sm : 


ii Sheed neeseune reg ote amet wees $100000 cxoe $198,000 
c Pumping eoeswssonecesses evee - esue 60,000 
ete @beeeueeeeece 427,060 enintis aeee #60 soos 256,200 
Conerete Chesed edsoneeen 46 ,900 devise eo mH 8,00 eres $76,000 
Reinforcing steel. seewee 626,000 Lene. eee ‘ #05 on ee 31,500 
Bteel plate seveccevenves 57,600 lbss ene | 010 wows 5,760 


Lighthouse .ssvseccenens he wees -  enee 8,000 
Sluicegate eecucasennve 1 oo 8 ew =~ . sees. 10,000 
Ship channel gates eee - ones Sad ernee $9,000 


Piling SCOR CHTHHHH EH HOD 13,256 Linefte esas 88 cove 4,640 
es CORSE HOH RBH OHH Oe ayeey LteBDele coer 006 sees 4,800 


’ sear ‘i mee O P Sol for Intake «+-+ $973,700 


Dredging sevcccccsovesee 2,504,000 CUsydse «aoe & 20 ween &500 ,600 
_ Rip-rap Bese er see ewe Ree 17,600 cueydse «ons 1680 eces 26,400 


CONCTOTS seesssseesevses 700 Gteydss «++ BeO0 aeae 5,600 
Reinforcing steel eesens 11,760 lbda. eeee 008 sees 584 
SS BUR ee I _ otal for Welland River eo... $533,304 


Canal Pa ALR iy 4 bet girth % 

Dredecing Se va Obes coweees 262,000 geyds. oe we $ 020 sree $ 66 ,406 
Barth excavation +2..4«+ 6,926,460 quaydss eee en? axeek sy 412,842 
Rodk eOxeavation seereses 5,154,550 cheyds. «++ 98 vs 5,091,290 
Conerete, plain eee eeown 44,398 cnayds. eeee 6280 sone 286 , 587 
Concrete, plain ond « | 

reinforced «..cvesess "24,920 cueyds. eee §.00 «eee 199,560 
Canarese;: reinforced «+s 87, B70 onsydes wees 10.00 esse 675,700 
Gonerete, special se.» 11,395 omsydae ses 12400 oxo» 136,740 
Rip-rap Con Sdercerteceee “188, 640 Cusydse eres 1650 evo» 282,960 
Structural steel and 

SS Betes eonsseeravecees z ee 16,000.00 wsoe 30,000 
‘Superstructure | ‘for gates 144,000 Gusftse «sve elBR «ee 17 ,589 
PULLING oe ocevcsceenvoves 20,000 Lineft. oes 235 sees 7,000 
re er on eee 4,269,400 1bse eaee 205 evne 215,470 
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— garth i eeeeene se Hn CNseydss eves $ es eons $.. ae 
Pica exouvat eeeesere Meds cose =. BB pees B42 0 
2 te pri eeenrere 5,980 50 cuszds. ewer 6,50 eee tis 
snersty, nig angueesene 970 ousyde. eres 8.00" eeee 


Rip-rap peensersetestctt i 24600 Gueydse sees 1460" eee a ‘£1200 
ing BtOGl eccsce “12,000 ibs. eeee “0B seve 
“otal for Porebay ieee $599,074 


meres 


way cues = waaw $298,208 
a ke ‘3 reste ry yP x eee ee Some: BEIZO 
% paisa? 4 tal for Briages gees $610 325 


% be 


Pash 1 hay vd fe 
AY eswssasscadeuee BR, suena fer igs Pind esee $600,000 


Rook excavation seveswen: 25,6500. cusydse once G 098 ooo ** ‘ane 
Concrete, reinforced ss. $,000 cusydos eons 12.00 a 86,000 
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to March Slat, 1922 ~ Chapter F - Costs", supplemented by estimates of the 
 ginounts required to complete the plant for six units, which estimates have 
been discussed with ond generally spproved by the vocteouand Of the itydro- 
Blectric ® Power Gom:tesion within’ the ait ‘Yow weeks. 


way of 
eat ts 


ai a of. Betinate Nos 2. with, boi ‘Plant ae patie ” 
, Phent a8 built - 7 


ia pan om 


k wad tow e oltet inated Coates Doh lane. ati ee ann 


Intake . dechucus shane’ cc 973,700 » shave Jéndkoebesnaee ewes fe 2,600,000 
Welland River POR AOL IT ORF: Baie CE PAOD OLDS DHE ES TE OMS © 1,600,000 
Canal eerreecesesousesces “61 md eeeseneseeeerascnesease 36 500 
ME HOAO02 OO8O88 OR 0’ 79204 err ee 
ris ta and Gate House - " *) 5) iy SS a 
- OOP OeN TRO He ee POOR. MO CERSHP 99% 200 COTS ES =F... 
py 8 yl GPexv ero er eee 600, 000 pe bi Rg he Blige 8A Sy al 
Penstocks Co Onee ORO Om eR, 409,239. HP AAIRE OER OO OREL SY HED ee 
Pevwer House Saavoeenesue 1,660,150 . Prrrrrrre rT TT rrr an 
Power, House Machinery — 

and Equipment opener e = Biase occa tetentauaeuactee? 
Miscellaneous cererr-e+s dis 


YO PART? A AILEMORNRS RLM oe 


“9168, ye SHRI 
and so forth hac adinslisitiatuibaoe 4,588,078, MASP SP AS WADE PORE ALO AE Oy bina Pg 
Interest Gains Ccon- i tmanduls ey 


. struction PAAR TOR MMS Tee LOPS ENED OAARAD OAOGS OOM Sst ie: Weg 
$24,316.81 3,360,000 


Power House Railway. SHE RENE ROE SRO REMAP ERE HEROR Se RMAee rae 200,000, 
Plant Salvage Perr rrr Tr rrrrrr Tr TTY TTT ete 3,000,600 

Steres PEHEP OREN TREY AHL OTH HENNE TO SEROREROEDH ENGL NEE EEEB 1,650,000 ' 
Expenses of Plat Salvage Perrrrrrr rer Tere ee ee eee ee) ge 110 ,000 
Miscellaneous Sales. and, Fork, Orders ROPES E KE ERE ERY EOE EH 60,000 | 


on Aocount neh ecdseckasevendeedoeseserdueneogeenoeens ; ! e 
Beinn? . Zotal. tone eeseeenee $66,325,000 
Credit ‘Plant, stores Account, and so forth, BAY seeseseses ‘it cal ae 
Net total cost of Siz-unit Plant as constructed evecvavere $64,825,000 
Wet total, Hetimate NOe 2 ceca seers er eeawe eres eneeenennee 24,516,815 


Difference between Estimate Hoe 2 ond 
Estimated Cost as Bult «.nccseewe renee enneneseese $40,008,185 


— 


wasamod 8 etonad’ LL.natsaW 
(Bom) ! .2a0f molfA .b .aM oF anveosond 103 ¥a0 


eit to totant ine w ba temmenlegsee eMageod ~ X retqedd ~ Sa0f «1882, onal og 


mnt ee Ah AR ota nto tap ? 


ge Yilereng ban Atty doeempath aed 
atilaen wet Jeag edt aidd¢ter deteetomed sonod etrtpelt 


y o r scrape ree ‘sii Fee pal aaa 
SPE, Pein 
pRASS i wicdat oe 


de% to soak eaqnod tad sale 


ml amd faa, spat i Lar 
BOE GB Sites OR. A eee oe . 


060,008, § , hee U9 Rede Skee chen en ee + 90%, ee Be a. A 
OANA, OE, L POCO RRE EOE O eT OR eR ew ee Ry BS ae: f v ¢ res Se ty 
on en a pPeinGinned s -hahecainh ned 0 oye ek bees 23,7 rate es 2 - 
Oy as eee od Maem oe oe RRS 6 ee “bb bteddeaeernes var 
900, oat ee Peer “TG oo Gatoll cig 108 
$00,008, $ SY Weibel de ia wieay ora a 4 o* + ef rs) 


me eOLS abe eevee 
O00, 200, £ ow Oe Ree eH eR Oe ee O30. O94 seth taadatigh 78 diosa 
P00, CGE, L TOU OS OE DET DR De Ke Ree R83, Cos - a erecretahy f° Ot 


i ica gee ee an Se We We ae wanenouatl be ait ova a? OS 


i (AONE OKO OH Rm eee T0080 seeswon a tO es hea 
ih Porererenent soktowite 


: on HAD OER HOR Me ER Ol 


a Anh SOLA ie Slt Keone ere ceseoweee Yaullial oval tawet 

RL ee ere re eee er ee Searle tel? 

HERTS RR Oe ee ee Re RU em Re me ne © ee ee aeTtose 

eRaopa ub sr keukhe Chathemesbarated epevia® sdowlt to aoe eggs 

| MEAP yO eee eect Cet ie re re Sebi grow hme ae Lae eveenal fools 

“ eeaagn me Sieaalabhtdadpinigia? v0 iah eedchunerdecaheaureylaiei- send Serene, senequnt 
GOD, dna, G85 er oe ee keto? . en ad eS a iM Ae What 

‘ deeweeeeme YR pO oe Dee imines, anvate -toalt dtbex0 

BOD BSEOOD s.neov nese Detosmence ge dewlt dlames? vo Weow faves tet 


ALE ALR 8S. LOS OR ENERO eek ee ee had e oh we BM eT etamks at yates! sou 
bre & ooh elastin® mowred eoomotht¢ 
S81, 900,084 eeverssdeceenenvsasocsonee Silo eg taod hotentiak 


Wa ter J. Francis & Company. 
Copy FOR ENCLOSURE TO le,. J.. Allan: Rossi 


(25) 


te ain di ftorences between 2 Het imate Wo. 2 end the plant ag 5 boing batlt 
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bel, ponanetoon in 1925 for. six unite are described velow. | 


Phat 


, Bhe. total. difference in, cost of approximately #40,000,000 to be scoount od 


; om as between Xstinate No. 2 and the plant aS being constructed, both on the 


 Six-unit dashe,. many we ‘wumarized briefly bad follows The original Botimate 
oe 2 wes for a Gana having a nominal coapaatty, of 10,090 quhie feet of water 
per second with, an intake of the ordinary Tye» ana the vaole design was ised 
on an ultimate installation of se main i dai ‘teste with a nominal ‘enpnaily 


‘wh npr as built is designed for a nominal 


capacity ta’ the Canal of 18,000 euble feet of water per second. The Canal as 


of 60,000 horse-power e 


pullt has a type of inteke different from thet originally contemplated, amd the 
whole design is based on an ultimate installation of nine or ton main generating 
units with a nominal espacity of 65,000 horse~power each. In considering the 
differences between the plant contemplated in Netimate No. 2 and the six-unit 
plant as bailt it may be well to emphasize the fact that Zstimate No. 2 is based 
‘on a design proportioned to utilise 10,000 eubio feet of water per second through 
wat, while the verious elements of the plant as built are a11 proportioned vor 8 
nominal tow of 15,900 cubic feet of water per seoond, being 50 per cent. greate® 
oupaoity. ‘than ae former designe The changed dosien involved largely inereased 
quant ities of auny of the prinoipal items of construction, an analysis of the 
main features of the work shows the followings 


- Intake. . The original design wae for the usual pier and boom type of 
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a 
intake, while the structure as built was specially designed efter exhaustive 
study, with provision for gathering tubes extending out into the river if the 
experience of operation prove them necessary. It is stated by ur Rage in @ 
letter of Jamary 29th, 1923, that ‘the adopted design involved an increased 
estimated expenditure of $1,922,720 over that Provided for 4 aetinate Bo. 2, 

Shnging ‘the total Sstinated cost about $3,000,000, 

°° “te gathering tubes are not yet installed, tut they may be required for 

the ultimate development. _ A Peasonable sllowanee for the intake construction 

for the six~unit plant my be placed at $2,500,000, omitting the extensions 


* Welland River. The original deaign provided for enwtn redeing in the 
Welland River to the amount of about 2,500,000 cutie yards at 20 eentes per 
eubic yards ‘the Gonstraction. records show that at Maroh Sst, 1922, about 
1,200,000 cuble yards were removed at a cost of sbout 76 cents per cuble yard. 
Subsequent contracts for additional dredging have been let at 33 cents per — 
oubie yard. It therefore appears reasonable to place the cost of earth dredg- 
ing in the Welland River for six unitsat about $1,600,000, bat the quanti ties 
in the semplotod stxuntt plant will ve about the sane as used in Ketimate Ho. z. 


sp ih Srigineliy it was eatin tes sans bi anne Gredging in the Canal 
would amount "to ‘about 262,000 ‘wie yards at 20 cents per guble per At 
Yaron Slet, 1922, over 1,280,000 eubie yards had been ‘removed at an average 
cost of about 7% conts per oubie yerd, a comparatively email adel tionas amount 
of ‘earth sreagtag ie » required to fraglene the Canal for six units. It 
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V 
: therefore seems reasohable to allow for 1,900,000 oubic yerda ‘of earth dredging 
in addition t to that ‘ased in Betinate ‘Hoe Be 


_@he original estimate for earth excavation in the Canal has been exceeded 
_ hy over 1,300,000 cubic yards, and the rock excavation in the Canal has been 

. -,pimilerly increased vy nearly 760,000 cubic yards as compared with Ustimate 

‘Noe 2. 


rh ‘Conrete of all glasses | was originally ‘estimated at 168,288 gubio yards 
vy - average cost of $8280 per gable ‘yard the aonerete in the oors traction 
“mounted to’ 504,299 cubic yards gs at March Siet, 1922, being an increase of 
about. 136,000 guble, yards OF poet: BY t@e Probably 140,900 cubic yards — 
is a fair allowance for the tote] additional concrete in the Canal, all of the 
glass provided for in Estimate No. 2 at the highest unit prices 


Rip- ine ally eatimated at 189,640 mbic yardse At March Sist, 
1922, epg cabie yards of rip-rep hed beon placed, maxing a total of about 
. 800,000 gubic yards of rip-rap over and above the estimated quantity. 


he reinforeing steel placed in the work was wach in exeess of the quati- 


tity used in the intimate. 


Whe records show that about $1,800,000 has been expended over the whole 
Development for unwatering, the greater part of which was directly concerned 
with the Ganale Unwatering wis originally estimated upon as part of the unit 

“Soste used for computing the cost of the earth and rock excavation. Provision 


was apparently made for the usual pumping und baling of a canal designed at a 
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- igher, Level sis eres generally by gravity towards 
Dommer‘s, aye, , n Bet inote. 2 Hos, & there is no joie item for canal umvater- 
ings. The elevation of | the floor of the Canal as built is lower than that of 


the Uwe considered in Sstimate Moe 2 by several feet, the general difference 
“peing three feat. The recoras show that 1t was impracticable to follow the 

» erigiial ideas ror aratnaze to Bowsanty Gully. When the ground had been opened 
tip during constraction numerots large springs were exposed, the flow of which 
reguived’ contisinous pumping. “The dally pumpage frequently amounted to 
20,000,000 gallons of water, and am aggregate installed pumping capacity of 
about ¥9,000, 000, gallons per. day had to be Kept, available. 


“ln the yo Q 


of Fotk exeavation, while the amount of Tock removed was about 125,000 cubic 
il Hers Wika Che Setimtee akounts “OO | wr 


Bia xy 2 ‘provided for ‘B49, 600 eubic yards 


ge- the Screen House contains greater siahialees of work than 
were » aaveietonat, in Metimate Noe 26 The rock exeavation work was increased by 


over 20,000 eubic acy and the sonerete work was increased feces about 16,000 


gubic soi 


Tea" # eke 


me, rock excavation work in the Power House is abont 75,000 


ii Raat more than that provided for in Ystimate Noo 29 

Be conerete in the Power House is of a more costly type than that used in 
etinate Foe Rs due to the development of the Moody spreading draft tube design 
subsequent to the time when Bgtimate Hoe 2 wes prepared. The superstructure as — 
built is lerger, than that figured in Estimate No. 2, and improvements have been 
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made in the design so as to gain flexibility and efficiencye It is fair to 


_ @low, about $400,000 more than Estimate No, 2 for the revised design of the 
concrete work of the Power lise. | | 


Ravine. “The general design and cost of the oquipment as itemized in 
. . gtimate Hoe 2 is similar to tat installed, ‘ig due allowance be made for the 
‘Aifterence i capaaity of the units ‘parehsised, ae eompared with those of 
Batimate Hos Be 4 reasonable allomnoo for this would be sim on the onter 
of $900,000. Lene = ig Pretend: 


thein sokinily found devine 4 
Bridgege ha dag and Ponda ‘cost mash more than wis contemplated 

in Rotimate No, 2, This Medn tt tne 
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plexe 4 reasonable allowance for the increased Sstimated costs due to the 

clrometances enoountered, mmenate, tos Pica lane figure, pervenay on the order 

of a million dotiasse nid 


J “gpens and heavier strac~ 


Right-of-Way. ‘te . ginal Kight-pf-Way estimated upon was sufficient 
for a single gana), with a flow ( as elt of 10,000 gubic feet per seco. The 
Right-of-Way purchased is sufficient for two or three canals side by side, and 
for the disposal of spoil from mare thon one whole cunts “While the actual 
expenditure is about $1,424,000, & large part of this amount ia ‘not chargeable 
entirely againut She present Sore LOPOOe: » as it represents “ wodrerabie acsete 
A reasonable eliowince for ightof-ey for a heedoneis wr’ is about eee 600, 
being 400 ,000 greater than Bet inate Yo. a. Nae i 
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i coats or in the general allowance tor overhead costs during construction. 
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to compare the totel of $24,315,015 of Ratimate lo. 2 with the 
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total of $64,325,000 for es) atr-unit plant as wutit, ut ts neceseary to place 


sera 
them 8: eer. ae possivle upon the same vaste and to contrast bmg sondi tions 
Rea Pie 2 ea 
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in 1917 am shoee satueliy found during construction. 
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Based on ie quantities contained : in the plant a8 6 allt, Betinate Ho. 2 
would have appeared ag follows: 9 ' 


sal Total . of Eetimate No, 2 with ladieetaten pri Sherein eeeonee $24,816,815 
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‘ 16,0 Gat was. eoncrete at 18.00 196,000 

‘Power House, 75,00 . TOCk at 1.60'S.. 110,000 

changed concrete se mperstrudture, Say, 400,000 

~ equipment,» 30,000 Hels additional sessersrs © $00,006 

_ Betageny about sonneogsegeeusessagaseressgeoas, 1,000,000 
f- * additional lands, a, | aad : 


$8,208,000 


_""Bnginéering, eovtingencies, admi xt stration 
oo, @ad so forth, and interest. during construc- 
. tien, $23 per eeuts PHOT EHEEC THEM OOH Oe O ee ree 2666,625 104871.625 
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Up to March Slst, 1922, the total expenditures in connection with the 
plant smounted to $62,162,625, of which several millions of dollars iaceainiial 
recoverable assets in the form of plant salvage, stores and eo forth, ‘mae Lng 

_ the net amount chargeable against the plant on the order of $57,090,000 or 
$58,000,000 at that date. On pare M24 an estimated net cost of $64,325,000 
is derived for a six-unit plant. ut should be borne in mind that the exact 
amount is dependent upon the proportion of certain component parte considered 
as chargeable against the six-unit plant which is but a fractional part of the 
ultimate installation. ~ lowances for such items as right-of- 

» Plant salvage and so forth, the estimated cost may be found, on the com- 
pletion of the sont figures, to reech $66,000,000 or $67,000,000. Absolute 
figures of cont are obtainable only on the entire completion of the whole 
development. | 

An analysis of the total expenditure of $62,182, 623 to March Slst, 1922, 
has been made, ani divided amongst the iteme of labour, materials, permanent 
euttqeent , plant and miscellaneous overhead costs. <A similar analysis bas also 
been made of the amount of $64,326,000 fairly chargeable against the completed 
six-unit plant. ‘the table below ghows these analyses: 
bese enemas eereeneneennen enema eneneeeimnnnemnRenEnEeREEENEEEEEEEEEtene 


Items Gross Expenditures to Estimated Net Amounts for 
Mareh Slet, 1922. Complete Six-unit Plant 
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» Materials wes ssinvianacccace 10,797,000 eaters. 12,000,000* 
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oe eae eee oe Gross Rxpendi tures ik Estimated Net Amounts for 
7 ee Mareh Slot, 1922 Complete six-unit Plant 


Permanent Bquipment eaneene F 8 .791,000 Seer eenes $10,000,000 
» PLANE oe cxsdpeinween seenwew MO ypORE O00. ccecesess 7,000 ,000** 
Miscalianeens, ove 
tion sesssevecerecsecence oBRABR?ASEE eaenaweve wh gS 28,000 
eS “Rgtele ose. $62,182,825 ......... $64,825,000 
* Stores salvage deducted. ** Salvage deducted. 
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The expendi tures on the development were largest in the years 1918, 1919, 
1920 and wa, inoreasing in anount as the wears passed. Turing 1919, 1920 
and 4053, ea terial and. Labour coats were relatively high and the efficiency of 
Iabour Was Low. the general condi tions obtaining were very unfavourable for 
construction, ri axoh an extant, indeed, that ordinary construe tion was deferred 
‘and in eed inetences Sterpes, te give way tO war needs or to await the couple- 
tion of the dren re-establishment. Mr. Acres says he ie firm in his 
conviction that the excavation work of the Canal, eould not have been completed 
at an earlier date under the elrowns tances enoountered, The faces of the rock 
excavation on the sides hed herr Cea were lined wi ths concrete as the result of 
& decision to inorease the capacity of the Canal, ediaeeani to Bo. 2 Estimate, 
Until the rock excavation in the Canal had been finished it was not possible to 
maine the omarete lining. Moreover, it would not have been prudent to expose 
the concrete lining through a winter season, so it was necessary to complete it 


in @ working season during the spring, sumer and autumn of the same year. The 
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Power House and the Soreen House were useless until the Catial was ready to serve 
them, and it would have been imprudent to have them finished ond standing idle. 
All these factors combined with others, resulted in econgesting the heavy con- 
struction period into less than two year Unfortunately, these years were 
‘wnique in their unforeseen sbnomal condi tions, 

In order to determines the addi tonal expenditure of money chargeable to the 

abnovnel conditions, a shose study how been made of the records, in comparidon 
with the conditions obtaining vhen Xetimate Ho. 2 was prepared. 


The analyeis of the CORY hee already been dealt with in the 


first part of this iad inhain showing, briefly, that of the total of the pay-rolls 
up to Dec ember Bist, 1921, amounting to $19,696,657, Gr, say, $20,000,000, about 
$7,000,000 is ancounted for by increase in wage rates over 1917, and about 
$4,600,000 representa decreased ont por men-hour ag compared with 1917, 
leaving sbout 98,500,000 as normal wages expenditure for the plant as built 

up to the date above named, | Moin normal wages expenditure would be reduced to 
about $6,100,000 for the quanti tics in Betimate Wo. 2. One of the serious 
feators entering into wages expenditure was that of labour turnover. During 
the whole construction period it was difficult te seaure labour, and even more 
difficult to retain the men after they bad been engaged. 


From corresponding records relating to the cost of materials and equipment 
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Note: 
Chart Basedon The Labour Gazette April, 1922 HyDRO-ELECTRIC INQuIRY COMMISSION 


W.D.GREGORY, CHAIRMAN 


QUEENSTON-CHIPPAWA Power DEVELOPMENT 


IRON AND STEEL INDEX NUMBERS 
BASED ON THE LABOUR GAZETTE 


Toronto, July 27thI923. Made by##2Checked byzL# 
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Note : 
Chart Based onThe Labour Gazette, April 1922. 
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W.D.GREGORY, CHAIRMAN 


QUEENSTON-CHIPPAWA PowER DEVELOPMENT 


WHOLESALE PRICE INDEX NUMBERS 
BASED ON THE LABOUR GAZETTE 


Toronto, July 27n,I923. Made by94@,, Checked by £4.# 
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A-— Depucep From CONSTRUCTION Cost INDEX NumMBERS 
FRom ENGINEERING News-Recorp of JAN. St. 1922 
AND A LABour ErFiciENcY OF 100% IN 1913 AND 607, INI920 


Hypro-ELectric INQUIRY COMMISSION 
W. D.GREGORY, CHAIRMAN 


B —-Depucep FROM Construction Cost INDEX NUMBERS QuEENSTON-CHIPPAWA PowER DEVELOPMENT 


FROM ENGINEERING News-Recorp oF JAN. 514.1922 COST INDEX NUMBERS 
BASED ON ENGINEERINGNEWS-RECORD 


| Toronto, July27th,|923. Made by#lDChecked by 74 
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HyYDRO-ELECTRIC INQUIRY COMMISSION 


W. D.GREGORY, CHAIRMAN 


QUEENSTON-CHIPPAWA PoweR DEVELOPMENT 


CURVE OF PORTLAND CEMENT PRICES 
AT NIAGARA FALLS, ONTARIO 

BASED ON CANADA CEMENT Co. DATA 

Toronto, July27th, 1923. Made by48B, Checked by /4# 
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THE ABOVE CURVE IS PLOTTED FROM DATA 
FURNISHED BY FRASER, BRACE, LIMITED, FROM HyDRO-ELECTRIC INQUIRY COMMISSION 


THEIR RECORDS OF THE FOLLOWING WORKS: W.D.GREGORY, CHAIRMAN 
CEDARS Rapips DEVELOPMENT, ST. LAWRENCE RIVER 


Ey ercinet cosuca ever PERCENTAGE OF INCREASE 
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an estimate has been made of the cost of these items under 1917 conditions. 
The index mumbers end percentage cost records of many construction commodities 
including steel, cement, crushed stone, timber, tiles, ties, poles, brick, 
lime, rails, coals piles, dynamite and so forth have been examined and the 


amounts pald year by year for supplies and materials have been noted, A number 
of surves have been ineluded herewith &S pages 54 to -~37 to ghow several of 


these records. Applying these e0ets as a weighted mean to the purohases made 
by the Bydro-Bleotrio Power Commission, it is found that the total cost of ‘the 
ordinary materials anount ing to $10,797,000 as purchased would have been pe 
$7, 500 500,000 at 1917 prices, while the oatdnnted cnwent of 812,000,000 for the 


complete eix-unit plant ula be) rftdee to about $8,300,000. 


_ The Giagrem included herewith as page N-58 shows the percentage of increase 
of construction costs as experienced by lesers. Fraser, Brace, Limited, General 
Contractors, on lavee hydro-electric and simllay construction work in Canada 
during the period of etudy and construction of the Queenaton-Chippawa Power 
Development, illustrating the trend of oosts on what were probably the Seren’ 
eomparable Canadian sonatruction works of the perlod, outside af the Queenston- 


Chippawa Power Development, vhich was much greater in sige. 


The item for permanent equipment amounting to 96,791,000 is not subject to 
the same degree of yearly fluctuation as the ordinary materlals, but, judging 


by contract prices of similar manufactured equipment, it wuld appear that this 
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item would have cost about $6,500,000 at 1917 prices, and that the equipment 
for the compl ete six-unit plant would have been about $7,700,000. 


Prom an | examina thon of construction plant prices 1t is apparent that the 
amount of $10,024,000" dkpennne for plant would have been about $5,000,000 at 
1917 prices... The salvage value would be correspondingly reduced, however, if 
the prices had remained the seme as in 1917, so that the net amount for ecn- 
struction plant costs for the complete six-unit plant would have been about 


ee Cee Y 


The {tom of miscellaneous overhead costs during construction, engineering, 
superintendense, odul ul stration, interent, and sc forth, amounting to about 
$12,327,628 es at March Sist, 1922, is approximately 25 per cent. of the total 


of the other items. 


Summing up the above, bad prices and conditions remained as in 1917, the 
cost of the complete six-unit plant as being constructed and as almost completed 


would have been about as follows: 
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imated Gost of Six-Unit Plant, 1917 conditions — 


Labour SSH ERH ETH EHTEHEHOOO HHO EHHR ETOH HED O EERO THERE EES $10,000,000 
Materials PUL SPMAE SORE ORDA PLAS RP TASER OLEH SEED ETO De Oe 8,500,000 
Permanent equipment COCHHH MER OH ED OER HEe EEE EHO ENHeeeed 7,700,000 


SOTA R OOH EREH OH EEN EOE EAH O CEH OED DEO OOD Stee eeee even 3, 78,000 


- Miscellaneous, overhead, 
,dnterest and administration, 25 per cont.........se0 9 862,000 


Estimated Gost of Six-unit Plant 
under 1917 conditions FSCHRHETFAHRFH THESE RE RRO SO REOE $57,812,000 


A a 


This estimate, $37,312,000, comes within 7 per cent. of the estimate of 


$35,188,440 which would have been the total of Betimate No, 2 if the quantities 
in the unfinished work ha timating purposes in 1917. The un- 
watering conditions won ll ~ bo aoeount for &@ considerable 
proportion of the Gifferenoe, and the strike in the swmer of 1920 also in- 
creased the cost of the work materially. 


Estimate Ko. 2, made on Wovember 27th, 1917, was used in the work through- 
out, modified by two later revisions, the first of whieh was dated Jamary Srd, 
1919, and has been referred to by us as Estimate Mo. 2-4. The second revision 
which we know as Estimate No. 2-3 was made late in 1919. Estimate %. 2 was 
the basis of all thesd estimates, Rstimate No. 2-A, in brief, constituted the 
additions due principally to the use of the concrete liming for the canal, and 
made a net addition of $786,100.00 to Estimate Mo. 2, or a total estimated cost 
of $25,102,915.00. Estimate Mo. 2-B added the sum necessary for the special 
design of intake, and made a net addition of $1,922,720, or a total of 
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$27,025,635, which inoludes the gathering tubes not yet constructed but ostin- 


_, On a basis similar to that used in the comparison of Estimate lio, 2 with 
8 siz-unit plant, as set forth on page U-24 ana Subsequent pages, the following 


_ table shows a sorparison between Estimate Mo. 2-B and a Plant ae built complete 


for six unites 


~~ Comparison of Retinate No. 2-8 with Six-unit Plant as Built 


Itens 


Estimate lo. 2-3 


Plant as built - Complete 


rig LP) BONS ee! for six unite. 


Intake SOCHRMEH CRM EHR doe Ped. gh Ten bana g 2,500,000 
Welland River pupa wing ae 88 Cees eeesease 1,600,000 
Ganal LAO eee a ee ee 8,240,838 ore ehis bes 36, 500,000 
Porebay COUCH HH OORE SE HE BESS 599,674 GReeveaenae 1,266,000 
Sereen and Gate House SoH eee 360,708 OPO Sas edness 1,750,000 
Bridges PHOS HH TH HOH OKE SHED OR 610,323 OCC RL Ode e 2, 680,000 
Right-of-way OWON e+ teed e dae 600,000 COSC a ne eee “1,000,000 
Pens tooks eee ee ee 409 , 236 Seeder edsnne 1,280,000 
Power House WOORMESBeedeodee | 1,660,150 SUPE Cen ewes © 5 500,000 
Power House Maghinery 

and Equipment POOF Eee OBS 5,018,000 OS OHH HER Oe 6,500,000 

Posen oeears the, Bad 


Miscellaneous CORO eda seer sos ogee 
903,933 


Less: Estimated Cost of 


not constructed Seeeaene 09, 900 oi or ees 96 ’ ; 
Hyped se $20,405,955 ......,.... 856,580,000 
Engineering, Contingencies, nn 
Administration and so forth 4,745,278 eee ee es . Ps 
Interest during construction. 1,876,424 seeeesessce 4,780,000 
’ ! $26, 525, 635 eos Te Se tM $63,300,000 
Power Bouse Rellway SOC OS HAMMEL HOHE OR EH HHH ERO OR DOS 200,000 
Plant Salvage PEPE OORT OR EDO O HS OREO DES SE SEE EEO SORS 3,000,000 


Stores SHORORAHHH ODOR Ow ee "OURO RHR HEH ROH tape eeeo 


Carried forward .... . 


—12680,000 
$68,150,000 
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| Brought forward ........ $68,180,000 
Expenses of Plant Salvage SRST HHSEHHOHREROECRH ROE HOR ROBE OeS 110,000 
Miscellaneous Sales and Work Orders .occcssesccccanerenecccus 60,000 
Suspense Account Pr eavegeeon wae ttt Pee eee ee 2 ee 2 es 5.000 
TOCA) svecsevessecseccces 4 605825,000 

Credit Plant, Stores Agcount and so forth, GAY coonevencsnend 
Bet Total Cost of Siz-unlt Flant as constructed ...ccessseace $ 64,525,000 


i Ret Total, Eatimate Me RUAN) AA aae ede vddercceveseuvecede ss 26,525,658 


Differense between Ketimate Wo. 2-3 
: and Retimated Cost ae Bulit eros ee ee Stee e een ee hen ees $57,799 365 


Basis of Eatimate Now 2. 


A complete A atta ‘oh €? span to. 2 was submitted to the BRydro- 


yf 


Zlestria Inquiry Commission in June, 1922, Ae it is voluminous and in groat 
detail, comprising twenty-six pages of report text with fourteen appendices, 
together wi th many plans and Glagrens, and other supplementary data, it is 

uot peing repeated in this discussion. | 


aie A study has been made of the basis of Retimate Mo. 2 


regarding the eaves schedule laid dow therein as compared with the progress 
wade under the abnormal conditions encountered during construction. | 

In Appendices 5 and 6 of Estimate No. 2 the program of operation: for the 
canal work and the progress schedule for construction are set forth. ‘the total 
quantities for earth end rock excavation, the location of the excavation wrk 
and the plant proposed are shown in the following table; 
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RATE OF PROGRESS 


I9I8 1919 


THE FULL LINE REPRESENTS APPROXIMATELY BY PERCENTAGE 
THE PROGRESS OF THE WORK AS CONSTRUCTED 


THE DoTTED LINE REPRESENTS APPROXIMATELY BY PERCENTAGE 
THE SCHEDULE SET OUT IN ESTIMATE N&2@ 
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W. D.GREGORY, CHAIRMAN 


QuEENSTON-CHIPPAWA Power DEVELOPMENT 


APPROXIMATE 


SCHEDULE CURVES 
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f 
Quantities of Marth and Rock Rxcavation, Estimate Mo. 2 


Zhement Material Quantities Plant 
of #9 hy yore oo oecion, ABBRAQTards .. Brppemed a. 5 
- Welland River ssi... Earth ...... 1,078,000 .....0. Cabloway 
; Canal Seoeereseseneee Zarth oreese ” 94260,000. ee et eee Four shovels ~ two 225-3 


and two 105-6 

Canal eeeraecseeveses HOCK oneveae 3,600,000 teenses Pour shovels ~ two 225=B 

, ne POL. ii bs Sine Soapoend two 208—0 
Forebay sorcceneneees Barth sessey * 45,000 “aeectee OO shovel ~ 108-0 


Yorebay eeesesesresce Rook ea eee 400,000. Co onens One shovel ~ LOS 
Power Rouge deesesess Rook seenne ‘aia 400,000 sesoees MOUY derricks 


the schedule for the above excavation work as laid out in Betimate Mo. 2 


meastliom: COPY 


Schedule of Excavation Work, Estimate No. 2 


Welland River etesen Barth. a0; BPLB: wavs BOO, 060 tessoecee 46,8 
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It was stated by Ur. dores that he estimated that the two 225-B shovels 
would handle about 40 per cent.of the earth excavation ont 80 per cent. or 
90 per cent. of the rock excavation, while the two 103-0 shovels were to 
_exeavate the remainder scheduled for the four machines. | 
The estimated capacity of each type of shovel in wnat and in rook was 
stated to be as follows: 


225-3 eesdachdeecevveneceseave 5,000 eevee eens $,000 
LOS—O cavecesasarenevenanvene 3,600 TER eee eee 2,000 


The average maximum performance of the shovels over short periods of | 
time was as shown below, Ginkadh fetes shovels exceeded the above estimated | 


capacity on some cosasions: — 


Average Maximum Performance of Each 
MOOoVGs 13 {en [Ours 


Boe 1 and Ho. &, 228-3 PEHHTSHRTHES 4,620 SOCRRERSEEHHOBEHHHRS 1,896 
No. 3 and Bo. 4, 103-¢ rrrrererrr yy’ 2,789 vecrrirry etree eee eo 1,824 


_ The Gableway excavator was scheduled to work double shift contimoeusly, 
ten hours to a shift, 1,000 yards per shift. | ays iia 

The canal and forebay excavation equipment wae echeduled to work seven 

months per year on a singie ten-hour shift per day, and for five months per 


_ year on two eight-hour shifte per doy. 


The general program of construction es laid down would have made the date 


“of completion about Octover, 1921, requiring over 1,000 working days, with the 
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construction extending over nearly four years. 


‘Prom the above date and other records, and from information derived from 
@iuotssions with the engineers of the Hydro-llectrio Power Comission, we have 
“plotted curves, shown on the diagram on page Ad. ‘the dotted line rep-— 
 Pesents the proposed schedule of complete construction on a time tasie, while 
the solta line represents an approximation of the actual progress of the work, 
both ourves being reduced to a percentage basis, the area between the curve 
and the base line being 100 per cent. of the total work in each case. | 


The reasons for the difference in the two curves in point of time have been 
referred to at length in foraof spifmes Yaa discussed herein, but, briefly, it may 
be noted that the change in the design of the Canal requiring the eonerete Liine 
to be placed towards the end of the woxk, ani the consequent change in the time 
of construction of the Sereen Zouse and Power House, together with the revision 
of the intake design, and the labour and market and other difficulties quecuntered, 
accounts to a eonsiderable extent for the ghange in the program. 


Unit Costs. A study has alec been mado of the basia of Sstimate fo. 2 ag 
regards the reasounbleness of the unit prices used therein. tiie 

When it was decided to proceed with development of power at Magara, the 
Hyaro-Eieotric Power Commission sent Mr. Jas. 3. Goodwin and Mr. Thos. F. Hogs 
on a tour of inspection in May and dune, 1916, to a mumber of places in the | 
United States and in Genada where excavation work on a large soale was in progress. 


On their return they submitted a comprehensive, illustrated report to Mr. Acres, 
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signed by Mr. Goodwin, under date of June 26th, 1916, covering excavation 

methods, equipment and costs. This report was tramseribed in full and was 

presented to the Bydro-Zleotric Inquiry Commission under date of May 2ist, 1923, 

‘by Mr. Franeis, and it should be read In oonfunetion with this discussion. 
Based on the records of the Calumet-Sag Canal near Chicago, where work 

courrizing 7,886,000 cubic yards val earth excavation, 1,723,000 eubie yards 

of rook excavation, 965,000 square feet of ohamnel Ling, 548 , B00 cubic yards 

of rip-rap, and 81,075 oubie yards of plain conorete and about the same amount 

of ‘veinforced eonarete Was under Onntanet, it was shown that the average gon 


tract prices per oubie yard for eleven different seations of the work were 


ce lions CO'e"¥ 


wy 4 
Earth excavation shndgatelieciess $0 .309 eeeeane 90.379 ehonene 90.326 
Rock excavation, ehannelled ...es 0685 secweee Oc904 covvese 0.8765 
Rook exoavation, not channelled . DeB74 socenes OaT7TB sevcves 0.706 


Plain CONGTCCS cevesacevecdenr ees GoBB . cide os Ved or Keedwe 6.66 
Rip-rap CRER ATER OHH OREO RBERHE ODT oseevee LedBR osssess 1.136 


At Livingstone Channel in the Detroit River it was found that rock excava- 
tion amounting to about 1,227,777 aubic yards Was under contract at an average 
price of $1.08 ‘per cubic yard, exelusive of temporary dam wrk which cost in 
addition about $100,000. The estimated net cost to the contractor was placed 
at about 79 cents per cubic yard, and, allowing for the difference between the 
restricted space in the channel and the estimated conditions at Niagare, and 
alse shel rm larger quantities at Magara, the engineers of the Bydro-Electric 
Power Commission say they considered that the net cost per cubic yard of rock 
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excavation might be as low ag 70 vents. 


| at is stated “ ur. 4ores that the iarge exoavating units proposed by him 
in Estimate Moe 2 for the ‘Queene ton-Chippewa Youer Development were selected 
i upon the basis of their actual records elsewhere and upon the statements of the 
manu fasturers regarding Gapecity, and that it was confidently expected vy him 
that the Aarge size and oapaci ty would reduse the unit exoavation conte ‘below 
those found on the contracts examined. Mr, Acres rirschoreged states that he cone 
sidered the large excavating units to be ate. in saving transportation of 
spoil, owing to the great heights to which they were able te deliver the spotd 
directly from the bucket, E3 (9 rPredyier they were not only exeavating 
machines but also elevating machines. His choice of motiie power bas alacant 
been referred to at length, and the relative performance of the steam units 
as compared with the electric unite is fully set forth in "Chapter 8, serth 
and Rook usavation, Canal." During the progress of the wrk the large execavat- 
ing units did not operate for any great Length of tine at their maximum capacity 
for reasons which nee been discussed, = the regords ahow that on some occa~ 
sions certain shovels exceeded their entiniteit capacity. 1 
An analysis of the performance of the shovels of the 225-2 and 105-0 
types has been made by Mr. Acres and compared with the performance scheduled 
for the pick outlined in Setimate No. 2, This information is contained in a 
dacunent ‘seat oy Mr. We Wa Pope to Mr. Je Hs W Bower om gady 24th, 1923. the 
document is entitied “Comments on jvidense Given before the Sonndeston by 
Contractors on May 18th, 22nd and 2rd, a and was prepared by My. H. G, 
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Acres, It consists of fifty-eight pages of text and seventeen appendices. 
Thia analysie showing unit costs for earth and eck excavation, ig based on 
the Fecords of the four shovels, and he has prepared estimates to show what 
these unit costs outa have been if the four shovels had operated, (a), at 
their estimated oupeehty, ~— (D), at rd maximum average rate of output ob- 
tained on the work. In the ase of the ootima tod hehe it would have required 
1,002 days ‘from April ist, 1918, to complete the ha work, whieh would 
have heen finished about duly lst, 1921. Im the latter case the date of 
completion of excavation would have been duly loth, i922, requiring about 
1,526 days. | | 


“the following tavie oye beeX sive unit costs on the three tases 


discussed above: 


een TAINAN tle RSRAnERtiANbnatCnctnshinatcaiidohsatiniteineitenestees sebininionstipianes 
Summary of Shovel Performance 
(fwo 225-5 and two 103-0 Shovels) 
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Ho. 1 and Be 2B sees 02642 2. BoB ceene 0.243 .. 1.187 esees OF262 2. 1.80 
(225-5) 

No. 3 and Hoe 4 cece 1.647 «2 3.16 eenee O6267 «5 0,775 seeve Oede& os 0.902 
(108-6 ) 1 

All four SROVElS 14. 0.849 .. BBB scene Oe2BL 1. 1.099 seeee 920808 «.. 1.63 


NCLCA NOE taemtt tpt npentttn entries 


The above table indicates that had the shovele given their estimated out- 


put contimiously the overage unit costs would have been 25 cents per cubie yard 
for earth and $1.10 for rock, while if the shovels had kept up their best 
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average performance the respective unit costs would have been SO cents for 


earth and $1.65 for rock. ‘he average estimated unit costs of Istimete Mo. 


&. wore 27 cents per cubic yard for earth end 98 cents per eubie yard for 
, rook. 


 Bhe plant as built gives every indication of being properly proportioned 
in ites several parts, and is functioning x a highly satisfactory manner. 


Mather PSvamcud 


ms rs temp 


Consulting Engineer, 


Toronto, July 27th, 6g, O py 
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Chapter 3, devoted to the history of the ‘Queenston-Chippawa. Power Dev- 
cloment, was ‘completed ‘in “Jaly, ‘1922, ‘Since that ‘time construction work hag 
contimed, and the condition. of ‘the work at the Len _ October Slist, 
1925, nay | be Davtriad summarized as s follows: gupew ti er 


es if Rt 
y 


She Intake: The intake is complete with the exception of the gathering tubes. 


Zhe Welland River: . the Loubd RX. Welland River is complete for five 
unite at the plant, and in progress for a suffictent capacity for Umits No. 
6, 7 and 8. 

She Cana): The cana) is complete with the exception of a small amount of 
trimming on the banks and bettorments at the toe of the slopes. In the earth 
section, some additional excavation work may be required. ma 


fhe Forebay: fhe forebay is complete with the exception of a small amount of 
trimming and some grading for the epiliwey. 


The Screen Fouse: The soreen hotisée i¢ complete and in operation for five units, 
While the substructure ie complete for nine units. The superstructure ig in 


course of completion for Units Mo. 6, 7 and 8. 
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She Tower House: Units 1, 2, 3, 4 and 5 are complete and in operation; 
Unit Mo. 6 is nearly complete; for Unit No. 7, the power house concrete is 
ready to receive the turbines, and the excavation for the penstock is in 
progress; for Unit No. 8 the exeavation for the power house is complete 
| and oonsireting 18 in progress. ‘the turbines ana the generators for Units 
“Ko. 6; 7 ond 8 are being mamfactured; for Unit Mo. 9 the site ts cleared 
end a emall amount of rock has been excavated. 
‘The power house building and the electrical equipment is in progress) 
and in various degrees of completion corresponding to the installation of 
the unite. | 


Bridges: All the eh Bey with the exception of the 


highway bridge at Victoria Koad... 


General Work: The work is generally progressing towards completion, and the 
necessary construction forces and commissariat are being retained, while, at 
the same time, salvage work is being carried on with particular reference to 
such scrap material as pipes and fittings, rails, fastenings, timber and 
mechanical equipment. 
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_ The photograpts included in‘Whapter E, - General Description” served 

te illustrate the principal features of the Queenston-Chippawa Power Develop- 
ment at the time Chapter EB was finished in duly, 1922. Three other photographs 
are included herewith, two showing the condition of the Power House on October 
27th, 1923, and one giving « general idea of the appearance of the Power Mouse 
when 1t will heave been ultimately completed for ten main units. 
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looking westerly from the American side of the 
Wiagara River. 


Taken October 27th, 1923. 


(For comparison with photograph on 
page D-6l1, as to progress.). 
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No. Ned 


Photograph showing 


4 composite picture made for the 
purpose of showing in a general way the 
whole works from the top of the escarpment 
to the tail-water level of Lake Ontario, 
derived from a photograph of practically 
one-half of the plant, taken October 27th, 
1923. 
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 babequent to the completion of Chapter 2 4, the nydre-Roetrie Faecal “is cle 
Com prton requested us to analyze the reco ris of the output of the large ) 
electric shovels ‘and to prepare perfomance curves. Accordingly, we studied 
the records in regard to the performance of the three electric shovele, Ho. 
i,° %, 2 and hb. B,- being type. 225-3, ana have plotted tro sheets of Perens 
one sheet for the performanse. of the. three shovels in oanth exsavakton, ant 
another in rook. excavation” mf fibvay’ a are imoluded herewith as ‘panes 
kaa and MAdd-P. ‘hey were derived from the records-of the Fyare-Bleotric 
Pover Comission ican tinal in chapter a. The notes on the | diagrams are gele- 
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’ fhe Addenda referred to on the preceding pages, M-Add-1 to W-Add-9 
 inglusive, relating to History, to Supplementary Descriptive thotograyhs 
ana to Electria Shovel Output, were placed st the ond of Chapter U, and 
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Congulting Engineer. 
 ‘foronto, Ostober Bist, 1925. 
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